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Summary

This single-family housing type, found throughout the Central Italy (Centro Italia) mainly in
hill towns and small cities, is typically built on sloped terrain. A typical house is 3 stories high,
built between two adjacent buildings with which it shares common walls. The main facade of



the house faces a narrow road. The ground floor level (perforated with openings on one side
only) is used for storage, while the other two stories are used for residential purposes. Typical
buildings of this type are approximately 3 m wide and 9 m long. The building height on the
front side is on the order of 4.5 m, whereas the height on the rear side is larger (close to 5 m).
All the walls are made of unreinforced brick masonry in lime mortar, while the floor structures
are vaults at the ground floor level, and timber floor structures at the higher levels. The roof is
made of timber and is double-pitched, sloping down towards the front and rear walls.
Buildings of this type are expected to demonstrate rather good seismic performance, mostly
due to their modest height. Problems related to seismic performance might be caused by the
adjacent buildings (typically one story higher). Seismic strengthening techniques for buildings
of this type are well established and strengthening of some buildings has been done after the
recent earthquake.

1. General Information

Buildings of this construction type can be found in Centro Italia, Marche, Emilia Romagna, and (with some
modifiations) in other parts of Italy as well. The spedfic example disaussed in this contribution and the photographic

and seismicdocumentation refer to the small town of Offida, in the Marche region. This type of housing

construction is commonly found in urban areas.
This construction type is found most frequently in medieval hill towns.

This construction type has been in practice for less than 200 years.

Currently, this type of construction is being built. Traditional construction practice followed in the last 200 years with
updates and modifiaations during the last 100 years.
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Figure 1: Typical Building Figure 2: Key Load-Bearing Elements

2. Architectural Aspects




2.1 Siting
These buildings are typically found in sloped and hilly terrain. They share common walls with adjacent buildings.

2.2 Building Configuration

Rectangular plan, usually part of arrays or terraces, however alterations and joining of cadastral units may occur. In such
ase, rectangular shape still remains the most common shape. The most common "alteration" to the typical housing

plan is joining of the two adjacent cadastral units. Opening layout is frequently being modified over time, due to the
changes in the living requirements. A very common change is made to the ground floor entrance door which is
widened in order to allow for car passage. The openings account for approximately 25% - 30% of the wall surface area.

There are no openings in the side walls.

2.3 Functional Planning

The main function of this building typology is single-family house. The ground floor is originally used as storage
room. At present it is used also mixed use as garage or for ommerdal use. In a typical building of this type, thete are
no elevators and 1-2 fire-protected exit staitcases. Usually there is not additional doot besides the main entry in this

building type.

2.4 Modification to Building

Alteration of door and window openings is most typical pattern of modification observed.
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Figure 3: Plan of a Typical Building

3. Structural Details

3.1 Structural System

|Material ”Typc of Load-Bearing StructurcllSubtypes ||Most appropriate typc|
I Rubble stone (field stone) in mud/lime
1

mortar or without mortar (usually with O

Stone Masonry timber roof)

Walls

O

IDressed stone masonty (in
lime/cement mortar)
]lVIud walls | I

IMud walls with hotizontal wood elements ”

[Adobe block walls I

IRammed carth/Pise construction ”

N

|IAdobe/ Earthen Walls

Brick masonty in mud/lime
mortar

(I g )

[Brick masonry in mud/lime
mortar with vertical posts

O

Unreinforced masonry

w alls Brick masonty in lime/cement

mortar

| | |

IMasonry -
Concrete block masonty in

cement mortar D

—
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Confined masonty

Clay brick/tile masonty, with
wooden posts and beams

Clay brick masonty, with
12||concrete posts/tie columns
and beams

Concrete blocks, tie columns
and beams

Reinforced masonty

Stone masonry in cement

=
&

mortar

Clay brick masonty in cement
mortar

—
w1l

O

Concrete block masonry in

—
(=)

cement mortar

Structural concrete

IMoment resisting
frame

|Flat slab structure

|[=[

IDesigned for gravity loads
|_|lonly, with URM infill walls

—
o]

[Designed for seismic effects,
| | [with URM infill walls

—
=)

[Designed for seismic effects,
iwith structural infill walls
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[Dual system — Frame with
shear wall

O

Structural wall

IMoment frame with in-situ
shear walls

|

IMoment frame with precast
shear walls

Precast concrete

|Moment frame

Presttessed moment frame
iwith shear walls

|Large panel precast walls

Shear wall structure with
(walls cast-in-situ

O |(O)f OO O

Shear wall structure with
precast wall panel structure

Steel

IMoment-resisting
frame

|With brick masonty pattitions

IWith cast in-situ concrete
w alls

[With lightw cight partitions

[Braced frame

Concenttic connections in all
panels

o o) o |o) a

[E.ccentric connections in a
few panels

Structural wall

|Bolted plate

|\Y/elded plate

[Timber

Load-bearing timber
frame

IThatch

I\Walls with bamboo/reed mesh
and post (Wattle and Daub)

O |(Oo)c) o) O

IMasonty with hotizontal
38|[beams /planks at intermediate
llevels

O

Post and beam frame (no
special connections)

\Wood frame (with special
connections)

Stud-wall frame with
41| |plyw ood/gypsum board
sheathing

O

4—2 ooden panel walls
fi2|[Wooden p

Other

Seismic protection systems

IBuilding protected with base-isolation systems”

14 [Building protected with
seismic dampers

Hybrid systems

| |other (described below)

af o g|o




The building is of type 7, except that lime mortar has been used instead of mud mortar.

3.2 Gravity Load-Resisting System
The vertical load-resisting system is confined masonry wall system. Depending on the thickness, the walls are built
either entirely in brick masonty oz, in the case of walls of larger thickness, as multi-wythe walls with rubble infill in the

middle portion.

3.3 Lateral Load-Resisting System

The lateral load-resisting system is confined masonty wall system. Brick masonry walls with or without metal ties.
Typical brick dimensions are : 160 X 60 X 320 mm. In the case of very old masonty the depth of brick units can reach

80 mm. The lime mortar joints are 3-5 mm thick.

3.4 Building Dimensions

The typical plan dimensions of these buildings are: lengths between 3 and 3 meters, and widths between 3 and 3

meters. The building has 2 to 3 storey(s). The typical span of the roofing/flooring system is 3 meters. Typical
Plan Dimensions: Length varies from 3 - 4 m and the width varies from 8 - 9 m. Typical Story Height: Story height

varies from 2.5 to 3 m. Typical Span: Span varies from 3 - 4 m. The typial storey height in such buildings is 3
meters. The typical structural wall density is none. 0.10 to 0.20.

3.5 Floor and Roof System

IMaterial ”Description of floot/ roof system “Most appropriate ﬂood lMost appropriate rooﬂ
|Vaulted “ “ O |
[Masonty Composite system of concrete joists and 0 0
masonty panels
ISolid slabs (cast-in-place) || (I ” O |
|\X/afﬂe slabs (cast-in-place) || ([ || O |
|Flat slabs (cast-in-place) || (I || O |
|Precast joist system || (] || O |
Structural concrete |Ho]low cote slab (precast) “ ([ “ O |
|So]id slabs (precast) “ (] “ O |
Beams and planks (precast) with concrete
. L O O
topping (cast-in-situ)
|Slabs (post-tensioned) “ O ” O |
Composite steel deck with concrete slab
Srecl (cast-in-situ) . -
Rammed earth with ballast and concrete or
. O O
laster finishing
|\X/ood planks or beams with ballast and concrete or plaster ﬁnishing“ ” |
IThatched roof supported on wood putlins || O ” O |
|\X/00d shingle roof || O ” O |
. I\Xfood planks or beams that support clay tiles || (I ” |
[Timber
I\Wood planks or beams supporting natural
O O
stones slates
IWood planks or beams that support slate,
metal, asbestos-cement or plastic corrugated O O
sheets or tiles
IWood plank, plyw ood or manufactured wood
L O
Ipanels on joists supported by beams or walls
Other ||Described below “ “




3.6 Foundation

rType “Description ”Most appropriate typel
IWall or column embedded inl 0
soil, without footing

[Rubble stone, fieldstone
lisolated footing

O

[Rubble stone, fieldstone strip)
footing

N

Shallow foundation) Reinforced-concrete isolated

footing

|

Reinforced-concrete strip
footing

lMat foundation I |

lNo foundation ”

o |(Oo)c) &

Reinforced-concrete beating
iles

Reinforced-concrete skin
friction piles

ISteel bearing piles ”

IDeep foundation

Steel skin friction piles ”

I\X/ood piles I |

ICast—in»place concrete piers ”

|Ca.issons | |

|Othet | IDes cribed below ”

gg|gofofaof o

Shallow Foundations Bridework Foundations.

Figure 4A: Critical Structural Details - Brick Walls ~ Figure 4B: Brick Walls Supporting the Cross-Vault Figure 4C: Cross-Section of a Typical Brick
and Sloping Timber Roof System Masonry Wall




Gl rmrtemng | Fusd oty | Awhain

5y
5 J
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two Orthogonal Direction and Brickw otk Frame Figure 5C: Seismic Deficiencies - Failure
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Figure 5A: Key Seismic Deficiencies-Proximity of
Windows to the Corners and Vertical Extension of Around Wind -
the Buiding (note also added balconies) round Windows Mechanisms

4. Socio-Economic Aspects

4.1 Number of Housing Units and Inhabitants
Each building typically has 1 housing unit(s). 1 units in each building. The number of inhabitants in a building during

the day or business hours is less than 5. The number of inhabitants during the evening and night is less than 5. In
ase when a house consists of only one cadastral unit, it can provide shelter for very few people. In the ase of two

adjacent cadastral units joined together, a larger number of inhabitants (5-7, a typical family) can be accommodated.

4.2 Patterns of Occupancy
One family per house.

4.3 Economic Level of Inhabitants

[fncome class |[Most appropriate type|
Ia) very low-income class (very poor)” (I |
|b) low -income class (poot) ” |
|c) middle-income class ” ¥ |
|d) high-income class (rich) ” O |

The house price can vary considerably, depending on the state of conservation and the level of modern comfort
introduced. The houses of this type are usually inhabited by retirees with modest income. Some houses of this type
are used as holiday homes (mainly by relatives living in other parts of the country). Economic Level: For Poor Class
the ratio of Housing Unit Price to their Annual Income is 5:1. For Middle Class the ratio of Housing Unit Price to

their Annual Incomeis 4:1.

IRatio of housing unit price to annual income”Most appropriate typel
|5:1 ot worse ” Vv |
1 |
|3:1 ”

|1 :1 or better | |

ao|afo




\What is a typical source of

financing for buildings of this |[Most appropriate type
type?

[ow ner financed | |
[Personal savings | O |
nforml e ok Fiends and

prance s
[Commercial banks/mortgages || O |
[Employers | O |
|I nvestment pools | | ] |
[Government-owned housing || O |
[combination (explain below) || O |
[other (explain below) | O |

In each housing unit, there are 1 bathroom (s) without toilet(s), 1 toilet(s) onlyand 1 bathroom(s) induding

toilet(s).

Originally, there has been 1 latrine per housing unit, however there is often a newly fitted bathroom in recently

renovated buildings. .

4.4 Ownership

The type of ownership or ocupancy is tenting and outright ownership.

[Type of ownership or
occupancy?

|Renting | | 4] |

IMost appropriate type

|outﬁght ow nership | |

Ow nership with debt (mortgage
or other)

Ilndividual ow nership | |

Ow nership by a group or pool of]
persons

ILong~term lease | |

ooy ool o ||-e

|other (explain below) | |

5. Seismic Vulnerability

5.1 Structural and Architectural Features

Structural/ [Most appropriate type]
|Architectural Statement
Feature | Yes No N/A |

[The structure contains a complete load path for seismic
force effects from any horizontal direction that serves

[Laceral load path to transfer inertial forces from the building to the o o
foundation.

[Building ' [The building i§ regular with regards to both the plan 0 0

Configuration nd the elevation.

[The roof diaphragm is considered to be rigid and it is
expected that the roof structure will maintain its




[Roof construction integrity, i.c. shape and form, during an earthquake of O O
intensity expected in this area.

The floor diaphragm(s) ate considered to be rigid and it
is expected that the floor structure(s) will maintain its
integrity during an earthquake of intensity expected in
this area.

[Floor construction

[There is no evidence of excessive foundation movement
(e.g settlement) that would affect the integrity or [l [
erformance of the structure in an earthquake.

[Foundation
[performance

IWall and frame
structures-
redundancy

[The number of lines of walls or frames in each ptincipal
direction is greater than ot equal to 2.

Height-to-thickness ratio of the shear walls at each floor level is:
Less than 25 (concrete walls);
IWall proportions v O O

Less than 30 (reinforced masonty walls);

Less than 13 (unteinforced masonty walls);

Vertical load-beating elements (columns, walls)

IFoundation-w all are attached to the foundations; concrete
. . O |
connection columns and walls are doweled into the
foundation.
[Exterior walls are anchored for out-of-plane seismic
Wall-roof . .
. effects at each diaphragm level with metal anchors or O ¥4 O
connections
straps
The total width of door and window openings in a wall
is:
For brick masonty construction in cement mortar : less
than 2 of the distance betw een the adjacent cross
w alls;
IWall openings O O

For adobe masonty, stone masonty and brick masonry
in mud mortar: less than 1/3 of the distance betw een
the adjacent cross

walls;

For precast concrete wall structures: less than 3/4 of
the length of a perimeter wall.

(Quality of building materials is considered to be
Quality of building materials|fadequate per the requitements of national codes and O O
standards (an estimate).

Quality of workmanship (based on visual inspection of
Quality of workmanship  |[few typical buildings) is considered to be good (per ¥ O [

local construction standards).

Buildings of this type are generally well maintained and there
IMaintenance ate no visible signs of detetioration of building O O
elements (concrete, steel, timber)

|Addjtionzl Comments ” |

5.2 Seismic Features

Structural||, . . . . [Earthquake
Scismic Deficiency Earthquake Resilient Features 4

[Element [Damage Patterns

Wl [The petimeter walls are not sufficiently connected at the corners, and |[Presence of ties betw een the front walls and||- Damage to the
they behave as separate elements. This seismic deficiency is common |[party walls. In some cases, metal ties vertical addition of

for the buildings that were built later than the adjacent buildings. In  ||perpendicular to the front wall are inserted  |[the building due to
this case, the side walls of the existing adjacent buildings were used to|[for improving the wall connections and the ||the out-of-plane wall
support the roof and floor structures of the new buildings, whereas ||global seismic performance of the building. ||failure. - - Vertical
the front and rear walls were built separately, without any connection cracks associated

R ith horizontal arch
to the existing side walls. >

effects.




[ntetior
[Partitions

(This building type is usually characterized with only one interior
partition wall, running orthogonal to the front wall. This partition wall
(was used to support a narrow staircase joining the ground floor with
the upper floors. This partition is also used to support the floor
structure of the floor above it. Due to a rather moderate thickness of
150 mm, this partition wall is usually a slender wall and it represents

a scismic deficiency for this building type.

[n some cases, there is one interior spine
wall parallel to the front wall spanning
throughout the building height from the
oround to the roof level. If present this wall
has a role to reduce unsupported span
lengths for the floor structures and provide a
better support for the roof structure.

Collapse of internal
timber staircase
replaced by self-
supported concrete

staircase.

[Roof and

floots

Roof and floors ate both spanning betw een the front and the rear
iwall. In some cases, no ties or other wall-floor connections are
present. This results in a weak connection betw een the front/rear

iwalls and the side walls.

(Occasionally floor and roof joists are
anchored to the wall by ties.

Partial or total
collapse of timber
floors later replaced
by concrete

structures.

Seismic features characteristic for the buildings of this type are shown in Figures 5A and 5B. Seismic failure

mechanisms are presented in Figure 5C.

5.3 Overall Seismic Vulnerability Rating
The overall rating of the seismic vulnerability of the housing type is B: MEDIUM-HIGH VULNERABILITY (i.e., poor

seismic performance), the lower bound (i.e., the worst possible) is A: HIGH VULNERABILITY (i.e., very poor seismic
performance), and the upper bound (i.e., the best possible) is C: MEDIUM VULNERABILITY (i.e.,, moderate seismic

petformance).

IVulnetability” high ”mediumAhighl|medium||medjum40w|| low ”Very lowl

l ”very poor” poor ”moderate” good ”very good”excellentl

Vunerbiliy (LAl B [ ¢ || D [ E || F |
s Jw |l O Jlw |l o Jaolfo]

5.4 History of Past Earthquakes

|Date ”Epicentet, region”Magnitude”Max. Intensity |

||VHI - IX (MMI) |

|1943 Castorano (AP) ||

The most common earthquake damage was the collapse of interior floors. The original timber floors were replaced by
conaete floors in the recent past and these concrete floors caused the damage. At present there are very few original
timber floors; concrete floors are much more common. It was observed that the strengthening with conaete structures
tends to substantially alter the stiffness ratio of wall-to-floor structures and if not implemented propetly can cause
serious damage to load-bearing walls. Also, earthquake damage in buildings of this type often occurs in the vertical
addition to the building (a portion of more recent construction). Earthquake damage patterns indude the flexural wall

failure and the horizontal arch effect (see Figure 6).

Figure 6:A Photogarph Illustrating Typical Earthquake Damage (1997 Umbrtia-Marche earthquake)



6. Construction

0.1 Building Materials

Buildi Mix
Structural element o d¥ng Characteristic strength o . . Comments
material proportions/dimensions
- - e -
Walls Brick masonry, 0.22 MPa (tension), 4 MPa (compression). 1/3 lime/sand morttar. 18 I;N/m (unit weight
IMortar density).
|Foundati0n | | | | | | | |
[Frames (beams &
columns)
[Roof and floor(s) IWooden beams. }5)0 i\n/ff)a (tension-beams) 30 MPa (compressiont 1.5 kN/m? (floor weight).
cams).

0.2 Builder
Buildings of this type were usually inhabited by the poor and middle dass population, and they were built by local

aaftsmen for the residential purpose only.

0.3 Construction Process, Problems and Phasing

The construction process was generally influenced by the ownet's attempt to do the construction at the minimum cost.
In the urban layout, an empty space between two existing buildings offered an opportunity to build a new house
using the two existing side walls; only the front and rear walls would need to be built. The construction tools were

simple (trowel, etc). The construction of this type of housing takes place in a single phase. Typially, the building is
originally designed for its final constructed size. In some cases one storey has been added as a part of the

refurbishment.

0.4 Design and Construction Expertise
The construction was based on the mason's expetience. For this reason , the structural elements were generally

oversized in order to achieve high safety. Engineers and architect did not have any role in the design and

construction, because the construction process was entirely cartied out by masons and/or owners themselves.

0.5 Building Codes and Standards

This construction type is addressed by the codes/standards of the country.  Normativa per le tiparazioni ed il
rafforzamento degli edifid dannegiati dal sisma (in Italian). Note that this standard addresses only repair and
strengthening of existing buildings, and not the new construction. The year the first code/standard addressing this
type of construction issued was 1981. The first code was issued after the 1981 Campania earthquake. Decretory
Ministerial 2-7-1981: Normative per le reparation ed il rafforzamento degli edifid dannegiati dal sisma. (Revised in

1986 and 1996). New brick masonry structures are addressed in a different standard. 'The most recent code/standard



addressing this construction type issued was 1996. Title of the code or standard: Normativa per le riparazioni ed il

rafforzamento degli edifid dannegiati dal sisma (in Italian). Note that this standard addresses only repair and
strengthening of existing buildings, and not the new construction. Year the first code/standard addressing this type of
construction issued: 1981 National building code, material codes and seismic codes/standards: The first code was
issued after the 1981 Campania earthquake. Deaetory Ministerial 2-7-1981: Normative per le reparation ed il
rafforzamento degli edifid dannegiati dal sisma. (Revised in 1986 and 1996). New brick masonry structures are
addressed in a different standard. When was the most recent code/standard addressing this construction type issued?

1996.

0.6 Building Permits and Development Control Rules

This type of construction is an engineered, and not authotized as per development control rules.

At present all these constructions are registered and subjected to national/utban codes, which was not the ase at the

time of their original construction. Building permits are requited to build this housing type.

0.7 Building Maintenance
Typically, the building of this housing type is maintained by Ownex(s).

6.8 Construction Economics

Unit construction cost cannot be expressed for this type of historic building, because its construction technique and
process are no longer practiced. When built up today, these building types are usually constructed with concrete slabs in
place of wooden roofs and floors, and very often lintel and staircase are made of reinforced concrete too. In these ase
the cost unit nstrucion st an range between 1,000 EURO and 2,000 EURO/m?, but it greatly depends upon the

quality of materials used. Around 20 days per building.

7. Insurance

Earthquake insurance for this construction type is typically unavailable. For seismically strengthened existing
buildings or new buildings incorporating seismically resilient features, an insurance premium discount or more

complete coverage is unavailable.

8. Strengthening

8.1 Description of Seismic Strengthening Provisions

Strengthening of Existing Construction :

Seismic

. Description of Seismic Strengthening provisions used
Deficiency p & 8P

Roof/floors ||Reinforced concrete overlay; the effectiveness of strengthening depends on the roof -to-wall connections.

Roof/floors-  |[Installation of new RC ring beam at the roof level. A procedure for the installation of a RC ring beam is presented in Figure 7B. Figure

TLack of 7C shows a building strengthened with new RC ring beam at the roof level. It is very important to achieve the connection betw een
Integrity the new RC ring beam and the existing masonty, otherwise the earthquake damage may be caused.
Wall-Floor Installation of metallic ties. Figures 7D and 7E show two different details of ties with anchor plates at the exterior face of the wall. A

Connection building strengthened with the ties (similar to detail shown on Fig, 7E) is shown on Figure 7A. It is very important to accomplish a




regular distribution of ties - irregular tie distribution may be a cause of earthquake damage.

Inadequate Shotcreting- strengthening walls with shotcrete jackets. Figure 7F shows a masonty wall with shotcreting applied at both faces. The
seismic strengthening consists of installing new steel wire mesh and attaching it to the existing wall with through-wall ties or strips spaced at
resistance of ||500 mm on centre both horizontally and vertically. In case shotcreting is not propetly applied, the wall can experience earthquake
masonty

w alls

damage as illustrated in Figure 7G.

Inadequate Stitching and grouting - consists of drilling holes through the walls and installing steel bars; subsequently, the holes are grouted with
se1§m1c ¢ cement grout, as illustrated in Figure 7H. A building strengthened using this technique is shown on Figure 71.
resistance o

masonty

w alls

Typical seismic repair costs are summarized in Figure 7].

8.2 Seismic Strengthening Adopted

Has seismicstrengthening desaibed in the above table been performed in design and construction practice, and if so,
to what extent?

Yes, to various extent depending on location and buildings.

Was the work done as a mitigation effort on an undamaged building, or as repair following an earthquake?
In Offida mainly as repair following earthquake damage, but it is expected that some mitigation work should be

implemented in conjunction with other architectural or functional alterations to existing unstrengthened buildings.

8.3 Construction and Performance of Seismic Strengthening

Was the construction inspected in the same manner as the new construction?

Project plans need to be presented to local authority, but it is expected that there is no formal site inspection.

Who performed the construction seismic retrofit measures: a contractor, or owner/user? Was an architect or engineer
involved?

An engineer is usually involved, but work might be carried out either by a contractor or by the user.

What was the performance of retrofitted buildings of this type in subsequent earthquakes?

The performance vaties highly depending on the quality of construction. Buildings retrofitted with anchors, which are
less sensitive to workmanship usually perform well in preventing the out-of plane failures. Ring beams and other
strengthening with concrete structures tends to substantially alter the stiffness ratio of wall-to-floor structures and if

not implemented propetly can cuse serious damage to load-bearing walls.
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Figure 7B: Seismic Strengthening - Installation of a
New RC Ring Beam at the Roof Level

Figure 7A: Ilustration of Seismic Strengthening o 7C: Scismic Strengthening . Tnstall "
gure 7C: Seismic Strengthening - Ins on of a

Techniques
New RC Ring Beam at the Roof Level (Design
Application)
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Figure 7D: Seismic Strengthening : Wall-to-Floor  Figure 7E: Seismic Strenghthening - Wall-to-Floor Figure 7F: Seismic Strengthening - Shotcreting
Anchorage Anchorage
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Figure 7G: Seismic Strénhening - Damage of
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Figure 7H: Seismic Strengthening - Stitching and Figure 71: Seismic Strengthening - Stitching and

Grouting Groutng (Design Application)
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Figure 7]: Seismic Strengthening-Costs of Typical
Repairs (After SSI, 1999)
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